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HIGH STRENGTH LOW CARBON STEEL WIRE 
RODS AND METHOD OF PRODUCING THEM 

This is a division of application Ser. No. 07/629,035, 
?led on Dec. 19, 1990, now US. Pat. No. 5,141,570, 
which is a continuation of Ser. No. 07/235,797 ?led 
Aug. 23, 1988 now abandoned, which is a continuation 
of Ser. No. 06/895,869 ?led Aug. 12, 1986 now aban 
cloned. 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
This invention relates to high strength low carbon 

steel wire rods having excellent cold drawing proper 
ties and to a method of producing them. This invention 
further relates to a method of producing ultra-fme steel 
wires using the high strength low carbon steel wire rods 
and also to brass-plated ultra-?ne steel wires. 

2. Description of the Prior Art 
Steel wires drawn from steel wire rods into diameters 

from several millimeters to several tens of micrometers 
have been used, depending on their diameters, in vari 
ous applications such as PC wires, various kinds of 
spring wires, rope wires, tire bead wires, tire cord 
wires, high pressure hose wires, switching wires, co 
rona wires and dot printer wires. Since ultra-fme steel 
wires are usually produced from rolled wire rods of 
high carbon steel of about 5.5 mm diameter by several 
cold drawing steps during each of which steps reduc 
tion in the toughness of drawn wire rods is prevented by 
the application of a patented treatment several times 
during the course of production, a number of produc 
tion steps are required and accordingly the production 
costs inevitably increase. 
On the other hand, it is also possible to draw ultra 

?ne wires by intense work from steel wire rods made of 
pure iron or low carbon ferrite-pearlite steels, but the 
strength of the ultra-fme wire products is low since 
their strength is diminished by the drawing operation. 
That is, even in the drawn wires subjected to intense 
work at a rate of 95—99%, the strength of the drawn 
wires is only from 70 to 130 kgf/mm2 and strengths 
greater than 170 kgf/mm2 cannot be attained. Further, 
even at drawing at a rate greater than 99%, the strength 
is still lower than 190 kgf/mmz. 
Wire rods having a tempered martensite structure 

prepared by the heat treatments of hardening and tem 
pering are also known. However, since no wire rods 
having the desired workability can be obtained by hard 
ening of the rods, workability has only been obtained by 
signi?cantly reducing the strength of the wire rods by a 
tempering treatment and, accordingly, strong and due 
tile steel wires cannot be obtained. Moreover, hardened 
wire rods suffer from surface cracking during the pick 
ling step which is applied as a treatment prior to the 
drawing step. The rods also inevitably exhibit insuf? 
cient ductility. 
The present inventors have conducted intensive stud 

ies for the preparation of high strength and highly duc 
tile steel wire rods instead of conventional ferrite-pear 
lite wire rods, pearlite wire rods and tempered martens 
ite wire rods and, as a result, have found that steel wire 
rods having composite structures in which a ?ne low 
temperature transformation phase comprising an acicu 
lar bainite, martensite and/or mixed structure thereof 
that comprises predetermined chemical compositions 
and may partially contain retained austenite is uni 
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2 
formly dispersed in a ferrite phase, have excellent in 
tense workability. The inventors have already ?led a 
US. patent application based on such ?ndings which is 
now US. Pat. No. 4,578,124. However, it has also been 
found that even the steel wire rods having such excel 
lent cold drawing properties show degradation in duc 
tility and sometimes break when drawn at a drawing 
speed of higher than 20 m/ min. Such a degradation in 
ductility is a problem characteristic of composite struc 
tures in general and are not restricted only to the acicu 
lar structure, when the steel wire rods, before drawing, 
are subjected to quenching. 

Speci?cally, upon high speed drawing, ductility de 
grades even in steel wire rods which have a metal struc 
ture which exhibit cold drawing properties because of 
the temperature increase during drawing work because 
of the high aging effect. In addition, the effect of hydro 
gen tends to develop when the strength of the drawn 
wire rod is increased by the drawing work and the 
tensile strength increases to greater than about 150 
kgf/mmz. The effect of hydrogen is particularly signi? 
cant in the case where the strength is greater than about 
200 kgf/mm2. 
For instance, FIG. 1 shows the tensile strength and 

the reduction of area at break of a drawn wire obtained 
from a high strength wire rod of 7.5 mm diameter hav 
ing a mixed structure comprising 8% ferrite and 92% 
martensite prepared by rolling and then directly hard 
ening the steel material represented by the reference R2 
and having chemical compositions shown in Table l at 
a drawing speed of l m/min or 50 m/min. That is, a 
drawn wire of high strength greater than 200 kgf/mm2 
and high ductility can be obtained at a working rate of 
70 to 80% in the case of using a drawing speed of 
m/ min. However, since the ductility begins to degrade 
in the drawn wire at about 50% working rate in the case 
of a drawing speed of 50 m/min, it is dif?cult to obtain 
a highly ductile drawn wire with a strength greater than 
200 kgf/mmz. 

Further, steel materials represented by steel No. A 
and having the chemical compositions shown in Table 1 
are rolled into wire rods, followed by direct hardening 
to obtain a wire rod of 5.5 mm diameter having a struc 
ture mainly composed or martensite, which are re 
heated into a ferrite-austenite 2-phase region followed 
by water cooling to obtain an intensely workable wire 
rod having a mixed structure, in which ?ne acicular 
martensite is uniformly dispersed by 21% volume ratio 
into the ferrite phase. Then the wire rod is drawn at a 
low speed or drawn at a speed of 30-530 m/min. As 
shown by the result in FIG. 2, a high strength drawn 
wire having a tensile strength greater than 320 
kgf/mm2 can be obtained at 99.9% working rate in the 
case of a drawing speed of l m/ min, but it is dif?cult to 
obtain a drawn wire having a tensile strength greater 
than 200 kgf/mm2 in the case of the continuous drawing 
at a speed or 30-530 m/min since the ductility begins to 
degrade from a working rate of about 95%. 

SUMMARY OF THE INVENTION 

In view of the above, the present inventors have 
made an earnest study to overcome the foregoing prob 
lems and, as a result, have found that drawn steel wires 
having stably high ductility can be obtained irrespective 
of the wire drawing speed, by a method of producing 
steel wire rod of a composite structure having a low 
temperature transformation phase comprising martens 
ite, bainite and/or mixed structure thereof which may 
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contain austenite by the rolling of steels having prede 
termined chemical compositions into wire rods or by 
reheating the wire rods followed by cooling, wherein 
the wire rods are dehydrogenated under a predeter 
mined condition in the above-mentioned cooling step 
thereby restricting the weight of (C+N) solid-solubil 
ized into the ferrite phase in the metal texture of the 
wire rods to less than 40 ppm, which maintains the 
excellent workability inherent to such a structure. It has 
further been found that highly ductile drawn wires can 
also be obtained stably irrespective of the drawing 
speed by producing the wire rods of the composite 
structure as described above and then applying an over 
aging treatment under a predetermined condition. 

Furthermore, the present inventors have found that 
steel wire rods more excellent in intense workability can 
be obtained by re-heating the wire rods having the 
foregoing composite structure, following by cooling to 
transform the low temperature transformation phase 
into a ?ne acicular structure and then applying the 
dehydrogenation or over aging treatment to these wire 
rods. 

Accordingly, a primary object of this invention is to 
provide high strength steel wire rods which exhibit 
excellent cold drawing properties, as well as a method 
of producing them, particularly, high strength steel 
wire rods having excellent cold drawing properties 
which are capable of providing high strength and 
highly ductile drawn wires having a tensile strength 
greater than 150 kgf/mmz, preferably, greater than 200 
kgf/mml, and to provide a method of producing drawn 
wire by drawing the wire rods at a drawing speed 
higher than 20 m/min and at a total reduction of area 
greater than 30%. 

Furthermore, the present inventors have found that 
ultra-?ne steel wires having higher strength and higher 
ductility can be obtained by applying, to the wire rods 
of the aforementioned composite structure for use in 
cold wire drawing, a heat treatment comprising heating 
the rods to a temperature lower than the recrystalliza 
tion point and subsequent cooling in the course of the 
cold drawing and further applying the drawing work. 

In the case of producing ultra-fme steel wires with a 
diameter of several tens of micrometers from wire rods 
of the aforementioned composite structure by cold 
drawing at a total reduction of area greater than 99.0% 
optimally, 99.9%, since the strength of the intermediate 
drawn wire and that of the ?nally obtained ultra-?ne 
steel wire are substantially determined solely by the 
strength of the wire rods having the composite struc 
ture, wire drawing is normally applied to wire materials 
of unnecessarily high strength repeatedly which re 
duces the life of the dies and damages the ductility of 
the wire. Particularly, if the strength of the drawn wire 
rods exceeds 300 kgf/mmz, the dies’ life is remarkably 
reduced. 
The present inventors have found that the strength of 

the drawn wire rods can be adjusted to a desired value 
by applying a heat treatment comprising heating to a 
temperature lower than the recrystallization point and 
then subsequently cooling once or several times during 
the course of the drawing work upon producing ultra 
?ne steel wires from the wire rods having the composite 
structure as described above by cold wire drawing, 
particularly, at the total reduction of area greater than 
99.9%. Further, ultra-?ne steel wires having a ?nal 
strength of greater than 300 kgf/mm2 can be obtained 
while preventing reduction in the life of dies by control 
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4 
ling the strength of the drawn wire material by the heat 
treatment. 

Accordingly, a secondary object of this invention is 
to provide ultra-?ne steel wires of high strength and 
high ductility from low carbon steel wire rods having a 
predetermined composite structure, as well as to pro 
vide a method of producing ultra-fme steel wires having 
improved strength, particularly, in the case of produc 
ing ultra-fme steel wires by drawing to a total reduction 
of area greater than 90%. Further, a method of produc 
ing ultra-i'me steel wires is provided which does not 
reduce die life by applying drawing while controlling 
the strength of the intermediate drawn wires at a total 
reduction of area greater than 99%. 

Further, wire rods having the above-mentioned com 
posite structure can also be applied to steel wires having 
brass-plated layers on their surface as such wires are 
used as tire cord wire, high pressure hose wires, and the 
like. Since these brass-plated ultra-?ne steel wires have 
usually been produced by preparing ultra-?ne steel 
wires of a predetermined diameter by several steps of 
cold drawing while applying a patenting treatment 
several times over the course of the drawing work to 
rolled high carbon steel wire rods of 5.5 mm diameter in 
order to prevent reduction in the toughness of the 
drawn wire material at each drawing step and then 
applying brass plating thereto, a number of production 
steps are required and the production costs inevitably 
increase. 

Since the lubricating treatment has usually been con 
ducted by means of phosphate coating in the continuous 
cold drawing of the wire rods in the above application, 
lubrication for the drawing work becomes difficult 
along with an increase in the working rate, and no ultra 
fme steel wires with uniform surface properties can be 
obtained because of the insufficient lubricating perfor 
mance in the case of applying continuous cold wire 
drawing at a reduction of area greater than 90%, prefer 
ably, 98%. This is attributable to the fact that non 
uniform deformed layers are formed at the outermost 
surface of the drawn rods where the drawn rods and 
dies are in contact upon continuous wire drawing. Such 
uniform deformed layers grow and develop in every 
die, and the development of these deformed layers sub 
stantially increase as the rate of working increases in 
which the not-uniform deformed layers are extended to 
such a degree that the ductility of the drawn wires is 
damaged. In the conventional high carbon steel wire 
rod, since the patenting treatment in is applied over the 
course of the working the non-uniform deformed layers 
do not accumulate and extend, because of the insuffi 
ciency in the intense workability of the wire rod mate 
rial. 
More speci?cally, if the lubricating performance 

worsens during drawing, since metal-to-metal contact 
occurs between the drawn wire rod and the dies, the 
surface of the drawn wire rod is made smooth, which 
means that the powdered lubricant deposits to less of an 
extent on the wire rod surface thereby reducing the 
amount of lubricant introduced into the dies. The 
amount of the lubricant deposited in the drawn wire rod 
is an index which represents the lubricating perfor 
mance, which is made smaller as the die angle is made 
larger or the drawing speed becomes faster. Further, 
the amount of lubricant deposited signi?cantly reduces 
as a function of the number of dies, that is, the number 
of repeat passes increases. 
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FIG. 13 illustrates the change in the amount of lubri 
cant deposited depending on the increase’in the number 
of passes of the drawing wires regarding the conven 
tional wire rods of high carbon steels subjected to lead 
patenting (LP) and wire rods having the composite 
structure with the intense workability as described 
above. As shown by curves II and III, when the wire 
rods of the foregoing composite structure are subjected 
to continuous cold drawing at a total reduction of area 
greater than 90%, since the number of passes for the 
wires increases and the amount of the lubricant signi? 
cantly decreases along with the increased number of 
passes, cold drawing inevitably suffers from poor lu 
bricity and, as a result, the ductility of the drawn wires 
degrades. 
The present inventors have found, for the method of 

producing brass-plated ultra-fme steel wires by using 
wire rods of intense workability which have a compos 
ite structure that brass-plated ultra-fme steel wires of 
high strength and high ductility can directly be ob 
tained without requiring heat treatment such as patent 
ing in the course of the drawing, by applying brass-plat 
ing before or during the continuous cold wire drawing 
of the wire rods of the composite structure and utilizing 
the lubricating effect of the plated layer. 

In view of another aspect, the ultra-?ne steel wires 
brass-plated at the surface have been produced by ap 
plying patenting treatment during drawing of the wire 
rods or by applying brass-plating to the drawn wires 
after the drawing. While on the other hand, according 
to this invention, brass plating is applied before or dur 
ing the drawing work, whereby continuous drawing 
can be carried out with ease at a reduction of area 
greater than 98% and, preferably, greater than 99% 
because of the lubricating effect of the plating, and 
brass-plated ultra-?ne steel wires can be obtained with— 
out requiring parenting or other similar heat treatment. 
Moreover, since the ductility is improved and the ho 
mogenization of the plated layer is enhanced by the 
intense work after the plating of the brass-plated ultra 
?ne steel wires obtained in such a method, close bonda 
bility with rubber can signi?cantly be improved. 

Accordingly, the third object of this invention is to 
provide brass-plated ultra-?ne steel wires and a method 
of producing the same and, in particular, brass-plated 
ultra-?ne steel wires prepared from low carbon steel 
wire rods having a predetermined structure by applying 
continuous cold wire drawing after brass-plating. Duc 
tility is unproved and the close bondability with rubber 
is outstanding because of the uni?ed and homogenized 
plated layer. 
The high strength low carbon steel wire rods which 

have excellent cold drawing properties for attaining the 
primary object of this invention comprises a composite 
structure in which an acicular low temperature trans 
formation phase comprising a martensite, bainite and/ or 
the mixed structure thereof that comprises, by weight 
%, 

C: 0.02—0.30%, 
Si: less than 2.5%, 
Mn: less than 2.5%, and 

the balance of iron and inevitable impurities and that 
may partially contain retained austenite, is uniformly 
dispersed in the ferrite phase at a volume ratio of from 
10 to 70%, and the weight or (C+N) solid-solubilized 
in the ferrite phase is less than 40 ppm. 

Further, the method of producing high strength low 
carbon steel wire rods which have excellent cold draw 

15 

20 

25 

40 

50 

55 

65 

6 
ing properties for attaining the ?rst object of this inven 
tion produces wire rods which have a composite struc 
ture in which a low temperature transformation phase 
comprising a martensite, bainite and/or a mixed struc 
ture thereof which may partially contain retained aus 
tenite is ?nely dispersed in the ferrite phase. In the 
method steel materials containing, on a weight basis, 

C: less than 0.4 %, 
Si: less than 2% and 
Mn: less than 2.5%, 

are rolled into wire rods or wire rods are reheated fol 
lowed by cooling. This sets the volume ratio of said low 
temperature transformation ratio to within a range from 
10 to 95% and the average cooling rate in a temperature 
range from 550° to 200° C. is set to less than 40° C./sec 
upon cooling of the wire rods. 

Explanation will at ?rst be directed to the chemical 
compositions of this invention. 
C has to be added in an amount of at least 0.02% in 

order to provide hot-rolled wire rods prepared from 
steel pieces with a predetermined composite structure 
and with a required strength. However, the upper limit 
for the added amount is 0.30%, since excess amounts 
will degrade the ductility of the low temperature trans 
formation phase comprising martensite, bainite and/ or a 
mixed structure thereof (hereinafter the secondary 
phase). 

Si is effective as an element for reinforcing the ferrite 
phase but the upper limit for the added amount is set at 
2.5%, preferably, 1.5% since added amounts in excess 
of 2.5% will substantially shift the transformation tem 
perature toward the high temperature side and tend to 
cause decarbonization on the surface of the wire rods. 
Mn is added to reinforce the wire rods, to improve 

the hardening property of the secondary phase and to 
make the con?guration, preferably, acicular, but the 
upper limit for the added amount of Mn is set at 2.5 % 
since the effect will be saturated if it is added in excess 
of 2.5%. While on the other hand, since an insufficient 
added amount provides no substantial effect, Mn is 
added preferably in an amount no more than 0.3%. 

In this invention, at least one or elements selected 
from Nb, V and Ti can be added further to make the 
metal structure of the wire rods ?ner. In order to make 
the structure ?ner, it is necessary to add additional 
elements in an amount of more than 0.005%. However, 
since the effect is saturated, if added in an excess 
amount, and it is economically disadvantageous as well, 
the upper limit is set to 0.2% for Nb and 0.3 % for V 
and Ti respectively. 

Description will now be made for the elements inevi 
tably or optimally contained in the wire rods in this 
invention. 
S is preferably added in an amount of less than 

0.005% in order to decrease the amount of MnS in the 
wire rod, by which the ductility of the wire rod can be 
improved. Further, the amount is preferably set to less 
than 0.003% in order to improve the hydrogen-resistant 
property. 
P is added preferably in an amount such that the 

content is less than 0.01%, since it is an element which 
causes remarkable grain boundary segregation. 
N is an element most likely to develop aging if pres 

ent in a solid-solubilized state. Accordingly, it is added, 
preferably in an amount less than 0.004% and, particu 
larly desirably, by less than 0.002% since it is aged 
during working thereby hindering the workability and, 
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further, aged even after working which degrades the 
ductility of the ultra-?ne wires obtained by the drawing. 
Al forms oxide type inclusions which are less de 

formable and hence may hinder the workability of the 
wire rod, and further fractures tend to form starting 
from the inclusions during drawing of the wire rod. 
Accordingly, the Al content is usually less than 0.01% 
and, particularly preferably, less than 0.003%. ‘ 

Further, if the Si/ Al ratio in the wire rod is in 
creased, the amount of silicate type inclusions is in 
creased and, if the Al amount is smaller, the amount of 
the silicate type inclusions is increased particularly sub 
stantially to degrade the drawing property of the wire 
rod, as well as to degrade the fatigue property of the 
drawn wire obtained by drawing. Accordingly, the 
Si/Al ratio is set to less than 400 and, particularly pref 
erably, less than 250 in this invention. Furthermore, the 
Si/Mn ratio is preferably set to less than 0.7 and, partic 
ularly desirably, less than 0.4 in this invention, because 
if the Si/Mn ratio exceeds 0.7, the composition and the 
con?guration of the inclusions vary which results in 
degradation of the drawing property of the wire rod 
because of the dispersion and the distribution of the 
inclusions. 
0n the other hand, it is also desirable to adjust the 

con?guration of the MnS inclusions by adding rare 
earth elements such as Ca and Ce. 

Furthermore, solid-solubilized C and N can be ?xed 
by adding Al including Nb, V and Ti as described 
above. Further, depending on the application of the 
ultra-?ne wires according to this invention, it is also 
possible to properly add Cr, Cu and/ or M0 in amounts 
less than 1.0% respectively, Ni less than 6%, A1 and/ or 
P less than 0.1% respectively and B less than 0.02 %. 

In addition, it is essential for the wire rods of the 
invention that the (C+N) solid-solubilized in the ferrite 
phase be less than 40 ppm. That is, drawn wires having 
stabilized high ductility can be obtained according to 
this invention irrespective of the drawing speed by 
setting the weight of (C+N) solid-solubilized in the 
ferrited phase to less than 40 ppm. If the weight of 
(C+ N) exceeds 40 ppm, the ductility of the drawn wire 
degrades and it becomes dif?cult to obtain high strength 
drawn wires with the tensile strength greater than 200 
kgf/mm2 as the working rate is increased. 
As has been described above, since dehydrogenation 

or over aging is applied under a predetermined condi 
tion to the wire rod which has excellent cold drawing 
properties to suppress the (C+N) amount in the ferrite 
phase to less than a predetermined value according to 
this invention, the excellent drawing properties of the 
low carbon steel wire rods can be retained and, accord 
ingly, highly ductile wire rods can be obtained irrespec 
tive of the drawing speed, which or course causes no 
breakage even during high speed drawing. 

Particularly, drawn wires having a strength greater 
than 150 kgf/mm2 and having high ductility can be 
obtained stably from the wire rod according to this 
invention at a drawing speed higher than 20 m/min and 
at a total reduction of area greater than 30%. 

Explanation will be made for the structure of the wire 
rods according to this invention and the method or 
producing them. 

This invention provides a method of producing wire 
rods having a composite structure in which a low tem 
perature transformation phase comprising a martensite, 
bainite and/or mixed structure thereof that may par 
tially contain retained austenite is uniformly dispersed 
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in the ferrite phase by rolling steel materials having the 
chemical compositions as described above into wire 
rods or by heating them again followed by cooling, 
wherein the volume ratio of the low temperature trans 
formation phase is set within a range from 10 to 95% 
and the average cooling rate in a temperature range 
from 550° to 200° C. is set to less than 40° C./sec upon 
cooling the above-mentioned wire rod. 
At ?rst, according to this invention, a wire rod hav 

ing a composite structure in which a low temperature 
transformation phase comprising a martensite, bainite 
and/or mixed structure thereof, which may partially 
contain retained austenite, is uniformly dispersed in the 
ferrite phase and is obtained from steel pieces having 
the predetermined chemical compositions described 
above. The method of obtaining a wire rod having such 
a mixed structure is described in US. Pat. No. 4,578,124 
as cited above. 

Speci?cally, for making the secondary phase in the 
wire rod (low temperature transformation phase) into a 
?ne acicular structure, heat treatment under a predeter 
mined condition is applied to the hot-rolled wire rod 
having the predetermined composition as described 
above prior to heating to the temperature region Acl 
Ac3 thereby transforming the structure into a bainite, 
martensite and/or ?ne mixed structure thereof which 
may partially contain retained austenite and in which 
the grain size of the former austenite is less than 35 um 
and, preferably, less than 20 micron (hereinafter some 
times referred to simply as a prestructure). By rendering 
the prestructure thus ?ner, the final structure can be 
made ?ner in order to improve the ductility and the 
toughness of the wire rod of the composite structure, 
thereby providing them with a desired strength. 
For adjusting the grain size or the austenite to less 

than 35 pm, it is necessary to apply hot working to steel 
pieces obtained by ingotting or continuous casting at a 
reduction of area greater than 30% within a tempera 
ture range where the recrystallization or the grain 
growth of austenite proceeds extremely slowly, that is, 
within the temperature range lower than 980° C. and 
higher than Ac3 point, because austenite tends to re 
crystallize or cause grain growth if the hot working 
temperature exceeds 980° C. and it is impossible to make 
the grain size of the austenite finer if the reduction of 
area is lower than 30%. Furthermore, the temperature 
for the ?nal working pass must be controlled to less 
than 900° C. in order to obtain ?ne austenite grains of 
about 10 to 20 pm, and it is necessary to maintain the 
?nal working step at a strain rate of greater than 
300/sec in order to obtain ultra-fme grains of about 5-10 
pm, in addition to the working conditions described 
above. 
While it is also possible to obtain a desired con?gura 

tion by applying cold working after the hot working as 
described above for controlling the grain size of the 
former austenite, the working rate for the cold work 
should be up to 40%. If a cold working greater than 
40% is applied to the pre-structure, martensite recrys 
tallizes upon heating to the temperature region Acl 
Ac3 as described later, failing to obtain a desired ?nal 
structure. 

The pre-structure or the bainite, martensite and/or 
the mixed structure thereof can be formed by the fol 
lowing methods. 

In the ?rst method, a desired prestructure is obtained 
during rolling, in which the steel piece is rolled under 
control or hot-rolled followed by accelerated cooling. 
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It is necessary to set the cooling rate to greater than 5° 
C./sec, because the usual ferrite-pearlite structure re 
sults if the cooling rate is lower than the above men 
tioned level. 

In the second method of obtaining the prestructure, 
the rolled steel material is again applied with a heat 
treatment, in which steels are heated to the austenite 
region above the A03 point followed by controlled 
cooling. In this method, it is also desired to control the 
heating temperature to within the range of A03 - 
Ac3+ 100° C. in the same manner as referred to in the 
?rst method. 

In this way, where the rolled steel materials in which 
the structure before heating to the region Acl-Ac3 is a 
low temperature transformation phase comprising a 
martensite, bainite and/or mixed structure thereof, 
which may contain retained austenite, is heated to the 
region Acl-Ac3 instead of the conventional ferrite 
pearlite structure, a great amount of initial austenite 
grains forms around the retained austenite or cementite 
present at the lath boundary in the low temperature 
transformation phase as the preferred nuclei and they 
grow along this boundary. 

Then, martensite or bainite transformed from the 
austenite is made acicular by cooling under a predeter 
mined condition so as to be well-matched with the sur 
rounding ferrite phase, by which the grains in the sec 
ondary phase are made much ?ner in comparison to the 
conventional ferrite pearlite pre-structure. Accord 
ingly, it is important to determine the heating and cool 
ing conditions to the Acl-Ac3 region. That is, the sec 
ondary phase becomes bulky or bulky grains are mixed 
in the secondary phase depending on the conditions 
which impairs the intense workability. 
More speci?cally, since the adverse transformation 

upon heating the prestructure comprising a ?ne bainite, 
martensite and/ or mixed structure thereof to the austen 
ite region is started by the formation of bulky austenite 
from the former austenite grain boundary and by the 
formation of acicular austenite within the grains up to 
about 20% of the austenite ratio, a structure in which 
the acicular and bulky low temperature transformation 
phase is dispersed in the ferrite is obtained by quenching 
from this state at a cooling rate, for example, greater 
than 150-200° C./sec. Accordingly, as the former aus 
tenite grains are ?ner, the bulky austenite is produced at 
a higher frequency. When the austenization further 
proceeds to greater than 40%, since the acicular austen 
ite grains are joined with each other into bulky austen 
ite, if they are quenched from this state, a mixed struc 
ture comprising ferrite and a coarse bulky low tempera 
ture transformation phase is formed. Further, if the 
austenization proceeds to greater than about 90%, since 
the bulky austenite gains are joined to each other and 
grow to complete the austenization, if they are 
quenched from this state, a structure mainly composed 
of a low temperature transformation phase is obtained. 

In view of the above, upon heating the steel materials 
conditioned to the prestructure as described above to 
the region Acl-Ac3 in this invention, a ?nal metal struc 
ture is obtained, in which a ?ne low temperature trans 
formation phase comprising an acicular bainite, mar 
tensite and/ or mixed structure thereof which may par 
tially contain the retained austenite is uniformly dis 
persed in the ferrite phase, by effecting the austenization 
to an austenizing rate of greater than about 20%, cool 
ing from this state to an ambient temperature~500° C. 
at an average cooling rate of from 40 to 150° C./sec, 
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10 
thereby separating ferrite and acicular austenite from 
the bulky austenite in the transformation process during 
cooling and transforming the acicular austenite into the 
low temperature transformation phase. 
The average cooling rate is de?ned as described 

above, because if the cooling rate is lower than 40° 
C./see, polygonal ferrite is produced from the bulky 
austenite and the residual bulky austenite grains are 
transformed into the bulky secondary phase and, while 
on the other hand, if the cooling rate is higher than 150° 
C./sec, the bulky secondary phase is formed as de 
scribed above. In this invention, the volume ratio of the 
secondary phase in the ferrite phase is within a range 
from 15 to 40%. When the volume ratio of the second 
ary phase lies within the range, the secondary phase 
grains are acicular and the average grain size thereof is 
less than 3 pm, whereby the thus obtained wire rods 
have excellent intense workability due to a characteris 
tic composite structure not known in the prior art. On 
the other hand, if the volume ratio of the secondary 
phase is out of the above-range, the bulky secondary 
phase tends to mix into the ?nal structure, even if the 
cooling is conducted under the conditions described 
above. 
The cooling is stopped at a temperature from ambient 

temperature to 500° C., because the bainite, martensite 
and/or the mixed structure thereof, as the low tempera 
ture transformation phase can be obtained, as well as the 
thus formed secondary phase, can also be tempered by 
retarding the cooling rate or stopping the cooling 
within the above-mentioned temperature range. 
For obtaining a desired composite structure, it is also 

possible to formulate such a structure during wire draw 
ing in addition to the method of previously forming the 
composite structure before the wire drawing described 
above. That is, it is possible to use, as the wire rods, 
those having a composite structure in which a low tem 
perature transformation phase comprising ?ne acicular 
martensite, bainite and/or mixed structure thereof is 
uniformly dispersed in the ferrite phase or those having 
a ?ne ferrite-pearlite structure, and to apply the steps of 
drawing such wire rods to intermediate wire rods of 
diameter from 3.5 to 0.5 mm, applying a heat treatment 
to the intermediate wire rods under a predetermined 
condition thereby obtaining intermediate wire rods of a 
composite structure in which a ?ne low temperature 
transformation phase comprising an acicular martensite, 
bainite and/or mixed structure thereof is uniformly 
dispersed in the ferrite phase, and then applying cold 
drawing to the intermediate wire rods of the composite 
structure by way of cold wire drawing into ultra-?ne 
wires of a diameter ranging from 150 to 20 pm. The 
conditions for the heat treatment for producing the wire 
rod having the predetermined composite structure as 
described above and for producing the intermediate 
wire rod of the composite structure described above are 
substantially identical. However, it is necessary that the 
rod diameter be less than 3.5 mm in order to form the 
intermediate wire rod of composite structure in order to 
provide the intermediate wire rod with intense work 
ability. On the other hand, the cost for the heat treat 
ment increases in forming the composite structure, if the 
diameter of the intermediate wire rod is too small. Ac 
cordingly, the intermediate wire rod is prepared by 
drawing the starting wire rod into a diameter of from 
0.5 to 3.5 mm in this invention. Particularly preferred 
diameter for the intermediate wire rod is within a range 
from 0.8 to 3.0 mm. The 0.8 mm diameter is the lower 
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limit for the drawing work capable of drawing the fer 
rite-pearlite structure. 

Then, the volume ratio of the low temperature trans~ 
formation phase in the wire rod is set within a range 
from 10 to 70% and, preferably, from 20 to 50% in this 
invention. The strength of the obtained wire rod is poor 
if the volume ratio of the low temperature transforma 
tion phase is lower than 10%. On the other hand, if the 
ratio exceeds 70%, the workability is poor, although a 
material of high strength is obtained. 

Further, in this invention, it is preferred that the ratio 
between the C content in the steels (wt %) the volume 
ratio of the low temperature transformation phase in the 
metal structure of the obtained wire rod is preferably 
less than 0.005. That is, it is desirable to de?ne the lower 
limit for the amount of the secondary phase relative to 
the C content of the steels. If the value exceeds 0.005, 
the ductility of the secondary phase itself may be re 
duced. In the conventional method, no high strength 
wire rod can be obtained since the concentration of the 
C in the residual austenite accelerates during cooling 
after heating to the ferrite - austenite region and a hard 
secondary phase is uniformly dispersed therein in a 
small amount. 

In the method of producing the high strength low 
carbon steel wire rods according to this invention, the 
average cooling rate within the temperature range from 
550° to 200° C. during the cooling is set to less than 40° 
C./sec. If the average cooling rate exceeds 40° C./sec, 
dehydrogenation of the wire rod is insufficient, making 
it difficult to obtain wire rods which have excellent high 
speed wire drawing properties. The average cooling 
rate particularly preferred in view of the practical use 
usually ranges from 1° to 30° C./sec. 
The method according to this invention as described 

above also employs a step in which the wire rod is 
maintained for a period of greater than 5 sec within a 
temperature range from 550° C. to 200° C. during cool 
mg. 

In the method according to this invention, it is, par 
ticularly, preferred that the low temperature transfor 
mation phase in the metal structure of the wire rod be of 
a ?ne acicular form and it should be uniformly dispersed 
and distributed in the ferrite phase. The wire rod having 
such a composite structure can be obtained, for exam 
ple, by preparing a wire rod having the composite struc 
ture from the steel pieces having the chemical composi 
tions described above, heating the wire rod to within 
the temperature region Acl-Ac3 to accomplish austeni 
zation, cooling the thus obtained wire rod at an average 
cooling rate of 40° C./sec to obtain a wire rod having 
the composite structure, re-heating the wire rod for 
more than 5 sec within a temperature range from 200 to 
600° C. and then applying an over aging treatment. A 
heating temperature outside the above-mentioned range 
is not suitable for the over aging treatment. Further, a 
treating time shorter than 5 sec has the drawback that 
the over aging treatment fails to result in the wire rod 
desired. I 

As has been described above according to this inven 
tion, since wire rods having excellent cold drawing 
property are dehydrogenated or subjected to an over 
aging treatment under a predetermined condition, ex 
cellent wire drawing properties can be retained therein 
and there is no cause for concern of breakage even upon 
high speed drawing, and ultra-f'me steel wires of high 
strength and high ductility can be obtained by high 
speed drawing. 
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Thus, according to this invention, it is possible to 

produce high strength and highly ductile ultra-?ne steel 
wires having a strength greater than 150 kgf/mm2 and, 
preferably, greater than 200 kgf/mm2 at a drawing 
speed higher than 20 m/min and at a total reduction of 
area greater than 30%. 
The method of producing high strength and highly 

ductile ultra-fme wires for attaining the second object of 
this invention comprises cold drawing a wire rod hav 
ing a composite structure, in which an acicular low 
temperature transformation phase comprising acicular 
martensite, bainite and/ or mixed structure thereof, 
which comprises by weight %, 

C: 0.0l-0.30% 
Si: 1.5%, 
Mn: 0.3—2.5%, and 

the balance iron and inevitable impurities is uniformly 
dispersed in the ferrite phase at a volume ratio to the 
ferrite phase of 10 to 70% at a total reduction of area 
greater than 90%. Heat treatment is applied to the 
drawn wire during the course of wire drawing at a 
temperature lower than the recrystallizing point and, 
further, the wire is drawn. 
According to the method of this invention, ultra-?ne 

steel wires of improved strength are produced from 
wire rods of the composite structure in which a low 
temperature transformation phase having the chemical 
compositions described above and comprising an acicu 
lar martensite, bainite and/ or mixed structure thereof is 
uniformly dispersed in the ferrite phase, by cold draw 
ing the wire rod at a total reduction of area greater than 
90%, wherein heat treatment is applied to the wire 
during drawing in the course of drawing at a tempera 
ture lower than the recrystallization point and further 
drawing the wire. Particularly, it provides a method of 
producing high strength and ductile ultra-fme steel 
wires with a strength greater than 300 kgf/mm2 by 
applying cold wire drawing at a total reduction of area 
greater than 99%, wherein the heat treatment is applied 
to the drawn material in the course of the wire drawing 
at a temperature lower than the recrystallization point, 
while adjusting the strength of the drawn wire rod 
thereby preventing reduction in die life. 

In the method according to this invention, the heat 
treatment as described above means heating the wire 
rod to such a temperature and time so as not to ad 
versely affect the structural flow which forms with the 
ferrite-martensite two-phase extended in the working 
direction, and the heating temperature usually ranges 
from 200° to 700° C. and, preferably, from 300° to 600° 
C., depending on the heating time. 

Generally, in the wire rods each of the phases in the 
structure is extended in the working direction by wire 
drawing to form a so-called structural ?ow. Further, 
dislocation microstructures form in each of the phases, 
and the strength of the drawn wire increases depending 
on these changes. In the method according to this in 
vention, the microstructure is partially recovered and 
slight precipitation of elements such as C and N occurs 
in each of the phases by applying heat to cause struc 
tural flow to such an extent so as not to adversely affect 
the structural flow during drawing. Accordingly, upon 
further cold drawing the heat treated drawn wire, new 
dislocation microstructures form and develop around 
the precipitates present in the microstructures. While, 
on the other hand, since the structural ?ow develops on 
every drawing step subsequent to the previous wire 
drawing, the working limit for the wire rod is improved 






















